Geochemistry, geochronology and petrography of feldspathoid-bearing rocks in the Urumiyeh-Dokhtar volcanic belt, Iran by Shahrbabaky, Abbas Moradian
University of Wollongong 
Research Online 
University of Wollongong Thesis Collection 
1954-2016 University of Wollongong Thesis Collections 
1997 
Geochemistry, geochronology and petrography of feldspathoid-bearing 
rocks in the Urumiyeh-Dokhtar volcanic belt, Iran 
Abbas Moradian Shahrbabaky 
University of Wollongong 
Follow this and additional works at: https://ro.uow.edu.au/theses 
University of Wollongong 
Copyright Warning 
You may print or download ONE copy of this document for the purpose of your own research or study. The University 
does not authorise you to copy, communicate or otherwise make available electronically to any other person any 
copyright material contained on this site. 
You are reminded of the following: This work is copyright. Apart from any use permitted under the Copyright Act 
1968, no part of this work may be reproduced by any process, nor may any other exclusive right be exercised, 
without the permission of the author. Copyright owners are entitled to take legal action against persons who infringe 
their copyright. A reproduction of material that is protected by copyright may be a copyright infringement. A court 
may impose penalties and award damages in relation to offences and infringements relating to copyright material. 
Higher penalties may apply, and higher damages may be awarded, for offences and infringements involving the 
conversion of material into digital or electronic form. 
Unless otherwise indicated, the views expressed in this thesis are those of the author and do not necessarily 
represent the views of the University of Wollongong. 
Recommended Citation 
Shahrbabaky, Abbas Moradian, Geochemistry, geochronology and petrography of feldspathoid-bearing 
rocks in the Urumiyeh-Dokhtar volcanic belt, Iran, Doctor of Philosophy thesis, University of Wollongong. 
School of Geosciences, University of Wollongong, 1997. https://ro.uow.edu.au/theses/1971 
Research Online is the open access institutional repository for the University of Wollongong. For further information 
contact the UOW Library: research-pubs@uow.edu.au 

GEOCHEMISTRY, GEOCHRONOLOGY AND PETROGRAPHY 
OF FELDSPATHOID-BEARING ROCKS IN THE 
URUMIYEH-DOKHTAR VOLCANIC BELT, IRAN 
A thesis submitted in fulfilment of the 
requirements for the award of the degree 
DOCTOR OF PHILOSOPHY 
from 
UNIVERSITY OF WOLLONGONG 
by 
ABBAS MORADIAN SHAHRBABAKY (BSc and MSc, Tehran University) 
SCHOOL OF GEOSCIENCES 
1997 
DEDICATION 
I dedicate this thesis to my parents, my wife Masoumeh and my daughters Maryam and 
Negar. 
Except where otherwise acknowledged, this thesis represents the author's original 
research, which has not previously been submitted to any institution in partial or 
complete fulfilment of another degree. 
A. Moradian Shahrbabaky 
March 1997 




LIST OF FIGURES iv 
LIST OF TABLES ™ 
CHAPTER 1 INTRODUCTION 1 
1.1 Introduction 1 
1.2 Aims of the study 1 
1.3 Previous work 2 
1.4 Thesis organisation 3 
1.5 Location 4 
1.6 Climate and vegetation 5 
1.7 Igneous rock nomenclature 5 
1.8 Data presentation 6 
CHAPTER 2 TECTONIC SETTING 7 
2.1 Introduction 7 
2.2 Zagros Orogenic Belt 8 
2.2.1 Zagros Fold-Thrust Belt 9 
2.2.2 Sanandaj-Sirjan Zone 10 
2.3 Central Iran Plate 11 
2.4 Volcanism in the Central Iran Plate 12 
2.5 Urumiyeh-Dokhtar Volcanic Belt 13 
2.5.1 Tectonic Setting of the Urumiyeh-
Dokhtar Volcanic Belt 14 
CHAPTER 3 GEOLOGICAL SETTING AND 
GEOCHRONOLOGY 17 
3.1 Introduction 17 
3.2 Islamic Peninsula 17 
3.3 Aghda 20 
3.4 Shahrbabak 22 
3.4.1 Razak volcanic series 23 
3.4.2 Hezar volcanic series 23 
3.4.3 Mid-Miocene igneous activity 24 
3.4.4 Late Miocene-Pliocene 
igneous activity 25 
CHAPTER 4 PETROGRAPHY 27 
4.1 Introduction 27 
4.2 Islamic Peninsula 27 
4.2.1 Tephrite 28 
4.2.2 Phonotephrite 30 
4.2.3 Basalt 31 
4.2.4 Trachyandesite 32 
4.2.5 Trachyte 33 
4.3 Aghda 34 
4.3.1 Phonotephrite 34 
4.3.2 Tephriphonolite 35 
4.3.3 Phonolite 
4.3.4 Basaltic trachyandesite 38 
4.3.5 Trachyandesite 39 
4.3.6 Trachyte 40 
4.3.7 Rhyolite 41 
4.4 Shahrbabak 41 
4.4.1 Tephriphonolite 42 
4.4.2 Basalt 44 
4.4.3 Trachybasalt 45 
4.4.4 Basaltic trachyandesite 46 
4.4.5 Trachyandesite 47 
4.4.6 Trachyte 48 
4.4.7 Dacite 49 
4.5 Mineral chemistry 51 
4.5.1 Pyroxene 51 
4.5.2 K-feldspar 53 
4.5.3 Plagioclase 55 
4.5.4 Olivine 57 
4.5.5 Biotite 59 
4.5.6 Titanomagnetite 60 
4.5.7 Amphibole 61 
4.5.8 Leucite 63 
4.6 Summary 65 
CHAPTER 5 ORIGIN OF LARGE TRAPEZOHEDRA OF 
ANALCIME AND PUMPELLYITE 69 
5.1 Introduction 69 
5.2 Occurrence 70 
5.3 Mineral chemistry 71 
5.4 Origin of the trapezohedra 72 
5.4.1 Metamorphic conditions 76 
5.5 Summary 78 
CHAPTER 6 TOTAL-ROCK GEOCHEMISTRY 81 
6.1 Introduction 81 
6.2 Islamic Peninsula 8] 
6.2.1 Major elements 82 
6.2.2 Incompatible elements 85 
6.2.2.1 Low field strength elements 85 
6.2.2.2 High field strength elements 87 
6.2.2.3 Rare earth elements 89 
6.2.3 Compatible elements 89 
6.2.4 Sr and Nd isotopes 90 
6.3 Aghda 91 
6.3.1 Major elements 91 
6.3.2 Incompatible elements 94 
6.3.2.1 Low field strength elements 95 
6.3.2.2 High field strength elements 95 
6.3.2.3 Rare earth elements 97 
6.3.3 Compatible elements 97 
6.3.4 Sr and Nd isotopes 98 
6.4 Shahrbabak 
6.4.1 Major elements 99 
6.4.2 Incompatible elements 102 
6.4.2.1 Low field strength elements 103 
6.4.2.2 High field strength elements 103 
6.4.2.3 Rare earth elements 105 
6.4.3 Compatible elements 106 
6.4.4 Sr and Nd Isotopes 106 
6.4.5 Summary 107 
CHAPTER 7 MAGMATIC AFFINITIES 111 
7.1 Introduction m 
7.2 Tephrite and tephriphonolite 
of leucititic series 112 
7.3 Shoshonitic series 112 
7.4 High-K calcalkaline rocks 113 
7.5 Comparison of leucititic, shoshonitic and 
high-K calcalkaline rocks from the U - D V B 114 
7.6 Comparison with other leucititic rocks 116 
7.6.1 Leucitites (<52% Si02) 117 
7.6.2 Leucitites (>52% Si02) 118 
7.7 Comparison with other shoshonitic rocks 119 
7.7.1 Shoshonites (<52% Si02) \\g 
7.7.2 Shoshonites (>52% Si02) !20 
7.8 Comparison with other high-K calcalkaline rocks 121 
7.8.1 High-K calcalkaline (<52% Si02) 121 
7.8.2 High-K calcalkaline (>52% Si02) 122 
7.8.3 Calcalkaline rocks 123 
7.9 Summary 124 
CHAPTER 8 PETROGENESIS 127 
8.1 Introduction 127 
8.2 Role of continental rifting in producing 
potassium-rich volcanic rocks 128 
8.3 Role of subduction in potassium-rich 
volcanic rocks from the U - D V B 130 
8.3.1 Subducted lithosphere as the source region 133 
8.3.2 Mantle as the source 135 
8.3.2.1 Primary and derivative magmas 135 
8.3.2.2 Fractionation model and major element 
composition of the primary magma 136 
8.3.2.3 Rare earth elements 138 
8.3.2.3.1 Islamic Peninsula 138 
8.3.2.3.2 Aghda 141 
8.3.2.3.3 Shahrbabak 143 
8.4 Model for magma genesis 144 
8.4.1 Nd isotopes 144 
8.4.2 Sr isotopes 146 
8.4.2.1 Islamic Peninsula 147 
8.4.2.2 Aghda 148 
8.4.2.3 Shahrbabak 149 
8.4.3 Model for low field strength element enrichment 
and high field strength element depletion 150 
8.5 Summary 152 




A Methods of investigation 
B Modal mineralogy 
C Mineral Chemistry 
D Total-rock chemistry 
E CIPW normative mineralogy 
i 
ABSTRACT 
The Urumiyeh-Dokhtar Volcanic Belt (U-DVB) is the largest volcanic belt in Central 
Iran and originated as a continental arc in the Tertiary. This dissertation summarises the 
results of a detailed petrographic, geochemical and isotopic study of potassic rocks 
from three areas of this belt, comprising the Islamic Peninsula, Aghda and Shahrbabak. 
The U - D V B is composed mainly of tephrite, tephriphonolite, phonotephrite, phonolite, 
basalt, trachybasalt, basaltic trachyandesite, trachyandesite, trachyte, dacite and rhyolite. 
The Islamic Peninsula stratovolcano was active between 8 and 6.5 M a and produced 
magmas with between 43.5 and 58.0% Si02. All rock types have common 
mineralogical and textural characteristics. The Aghda region is composed of volcanic 
rocks which range in age from 23.5 to 15.7 M a and contain between 49.8 and 71.2% 
SiO,. Tephriphonolite being characterised by the occurrence of abundant (commonly 
4 0 % by volume), large trapezohedra composed of single crystals of analcime or 
aggregates of pumpellyite. Volcanic rocks from Shahrbabak have isotopic ages between 
37.5 and 2.8 M a and Si02 contents from 47.2 to 67.6%. 
Diopside is the only pyroxene present in samples from all three study areas and usually 
shows decreasing contents of M g O from core to rim, reflecting normal magmatic 
evolution. Sanidine is the only K-feldspar present in all samples. Plagioclase 
phenocrysts usually show Ca-rich cores and Na-rich rims, reflecting normal magmatic 
evolution. Titanomagnetite is the most c o m m o n Fe-Ti oxide in rocks from the study 
areas and olivine has a compositional range from Fog5I to Fo856. Leucite occurs in 
rocks from the Islamic Peninsula but this phase has undergone ion-exchange 
pseudomorphous replacement by analcime in the other two areas. In the Aghda area 
analcime in the lowest tephriphonolite became unstable and was replaced by 
pumpellyite which has a wide compositional range, reflecting variable input of Fe, M g , 
Ca and Al from the precursor analcime and alteration of inclusions. 
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Lavas from the Islamic Peninsula are undersaturated in Si02 and have high contents of 
CaO, K 2 0 and other incompatible elements, and low contents of A1203, Ti02, and 
compatible elements. Rocks from Aghda are characterised by being oversaturated to 
undersaturated in Si02, high in A1203, C a O and alkalies and incompatible elements but 
low in Ti02, M g O and compatible elements. The rocks from Shahrbabak are 
characterised by being saturated to undersaturated in Si02, with low Mg-numbers and 
contents of Ti02 and compatible elements, but high contents of A1203, C a O and the 
incompatible elements. 
The U-DVB developed in the Tertiary in response to northeastward subduction of the 
Neo-Tethys lithosphere beneath the Central Iran Plate. This tectonic setting together 
with geochemical and isotopic data provide strong evidence of the involvement of 
subduction-related processes in the generation of potassic magmas in the U - D V B . The 
eNd values (+1.3 to +4.1) and initial
 87Sr/86Sr ratios (0.70427-0.70567) for samples from 
Shahrbabak volcanic rocks are markedly different from those of the Islamic Peninsula 
and Aghda (eNd = -2.2 to -4.7; initial
 87Sr/86Sr = 0.70651-0.70871) and probably reflect 
differences in the mantle sources. Geochemical variations in Shahrbabak rocks, 
particularly in initial 87Sr/86Sr ratios and contents of Ba (280-1450 ppm), L R E E and 
incompatible elements reflect heterogeneity in the mantle source. The source mantle for 
the Islamic Peninsula magmas was heterogeneously enriched in L F S E and L R E E , 
probably during metasomatism by fluids released from the subducted slab. The mafic-
intermediate rocks from Aghda with high K, L R E E , Th, Zr, 87Sr/86Sr and low eNd were 
generated by partial melting of mantle previously metasomatised by fluids derived from 
dehydration of the subducting oceanic crust and overlying sediment, but felsic rocks 
with high initial Sr isotopic ratios (0.70871) and low Sr contents were probably derived 
by anatexis of continental crust. 
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